The levels of Fe, Zn, Mn, Cu, Pb, Cd and Hg in the edible tissues of Mytilus galloprovincialis Lamarck, 1819 (Mediterranean mussel) picked up from the Black Sea coasts of Turkey have been determined by Inductively Coupled Plasma -Mass Spectrometer (ICP/MS) with a view to biomonitoring metal contamination in 2015. In this work, a statistically significant difference in the amounts of all studied heavy metals analyzed was noticed amidst sampling areas namely Igneada, Sinop, Samsun and Trabzon so that appraise welfare threat for mussel consumers, utilization M. galloprovincialis as biomonitors. The outcomes of this study were contrasted with the outlines stated by the Ministry of Agriculture, Fisheries and Food (MAFF), the Turkish Food Codex and Commission Regulation (EC) for the harmless consumption restrictions of Bivalves as seafood. Moreover, former works with mussels in the Black Sea countries were reviewed and a summary of heavy metal amounts in mussels from whole the Black Sea waters were presented. In general these available measurements clearly indicated a low level heavy metal in M. galloprovincialis in coastal waters of the Black Sea. In this study the concentrations (mg metal kg -1 wet wt.) of metals ranged from 18-35 for Fe, 8-27 for Zn, 2.8-4.5 for Mn, 0.5-1.8 for Cu, 0.06-0.31 for Pb, 0.04-0.10 for Cd and 0.03-0.07 for Hg. Considering human health with respect to the investigated heavy metals, the estimated daily intakes (EDIs) did not exceed the permissible intakes. No chronic systemic risk was found since total hazard index (0.521) were quite below critical value 1, and the carcinogenic risk for heavy metals did not exceed the tolerable values. Although there was no health risk to consumed mussels from the Black Sea riparian countries, the amount of mussels consumed is mainly unknown in countries; thus, consumption of about 1 serving of mussels from clean coastal waters per week is enough.
introduction
The Marine Strategy Framework Directive (MSFD) of the European Parliament and of the Council constituted a structure for community movement in the area of marine ecological strategy. It established that European Union (EU) Member States have to define Good Environmental Status (GES), to set environmental target, to develop operative monitoring programmes and to assess every six years the environmental situation of their sea water, by 2020, using eleven qualitative descriptors 1 . Turkey has signed this agreement as well. The main goals of the MSFD are to keep safe and to take care of the marine ecosystem and to stop and to reduce inputs from pollutants.The quantity of pollutants with the inclusion of heavy metals in the marine ecosystem and their impacts necessity to be evaluated considering the impacts and threatening to the ecosystem in Article 8(1)(b)(ii) of Directive 2008/56/ EC. Pollutants in biota for people consumption do not pass over amounts based by Community acts or other germane rules (Descriptor 9; Directive 2000/60/EC) 2 . The Black Sea is a European sea now because of Bulgaria and Romania joint the European Union.
Due to its geographical position and limited water change with the rest of other oceans and seas in the World, the Black Sea has been one of the unique basins most polluted with the heavy metals. The total volume of the sea is 547.000 km 3 , 87% of which is covered with oxygen-poor water 3 . Due to the excessive input of freshwater, which causes low salinity in the top waters of the Black Sea, and to the inflow of saline Mediterranean waters into the deep basin, stable salinity stratification has been occurred.In the past three decades, pollution of the Black Sea by pollutants has turn out an important issue 4 . These pollutants transport tremendous amount of chemicals particularly the heavy metals have the propensity to cumulate inside the primary food chain and ascend by courtesy of the high-rise trophic grade and consequence in unfavorable impact on the sea resources thence allow of commercial loss.Heavy metals are perceived as lasting and damaging chemicals of aquatic ecosystem in consequence of their toxicity.It is known that nonessential metals are toxic to alive biota insomuch as at low levels, whilst biologically necessary metals may happen toxic at somewhat high levels 5, 6 . For example, mercury is one of the heavy metals of actual concern in pollution works onwards the emanation in Japan of Minamata disease in the 1950s. This disease was a result of eating fish and shrimps polluted by methyl mercury from the wastewaters discharged by chloralkali factories. Regional folks of Minamata, who eaten up extremely on seafood, were at hazard of exposure to methyl mercury led to intense neurological harm and died more than 900 people. Furthermore almost two million people off the region suffered welfare causes 7 . Other instance is the itai itai disease in Fugawa, Japan in 1955. It was the reaction of eating fish and bivalves that were Cd polluted from waste waters unloaded by close mining 8 . Heavy metals are of environmental concern in the Black Sea due to the presence of populations of edible mussels that are known to accumulate these elements. M. galloprovincialisis much effective at changing nominal worth supplies into great standard animal protein 9 . Mussels are used as a food source in the Black Sea countries. It was reported that mussels production in entire Black Sea coast as 4321 t (Turkey: 243 t; Bulgaria: 3391 t; Romania: 81 t; Ukraine: 605 t; Russia: 1 t) in 2015. 80.6% of the total production was occurred aquaculture and 19.4% of capture 10 .Monitoring of heavy metals in mussels was achieved in the Black Sea for many decades.
The common mussel (Mytilus galloprovincialis L.) is one of the most important Mollusca on the rocky and gravel bottoms of the Black Sea. They have an important role in the recycling of nutrients and particles, using suspended materials from the water column. At the same time mussels accumulate metals in their soft tissue and they are valuable indicators of heavy metal pollution of marine ecosystems 9 . Clearly M. galloprovincialis has potential as bio-monitor species for heavy metal pollution in marine waters. Because this organism is a benthic and sessile and it is incessantly exposed to pollutants. Moreover mussels ingest particles contaminated with heavy metals while feeding, are existing year throughout, oft take place in major densities, one important in food chains, and have a broad geographical range. The purpose of the present work is to investigate the amounts of Fe, Zn, Mn, Cu, Pb, Cd and Hg in M. galloprovincialis and to check the outcomes of the current work with the utmost allowable levels of these elements recommended by European Union 11 and Turkish Food Codex 12, 13 and to compare the results with those obtained in preceding studies and to assess the potential health risk for consumers in the Black Sea coasts based on their intake. The present study also provides an overview of the studies in the Black Sea riparian countries and assesses recent levels of heavy metal pollution.
Materials and Methods
The material was collected in 2015 from mussel (M. galloprovincialis) (Figure 1 ) habitats by the small rocky habitats amid four sampling regions namely Igneada, Sinop, Samsun and Trabzon coast of the Black Sea (Figure 2 ).There has been increased population density in the coastal cities giving rise to more pollution. The rapid urbanization that has been taking place in coastal area is one of the very significant causes of the Black Sea pollution. Among the developments affecting coastal pollution in the cities, many other factors play major roles. Some of these include domestic wastes, incorrect urbanization, fishing activities, an increase in the number of tourists and inadequate disposal of wastes. The bottom usually changes from rock covered by filamentous algae to sand and gravel. Mussel specimens were picked up by SCUBA-diving at a deep space of 10-20 m, wherewith the M. galloprovincialis settlements were intensive. Cu, respectively. The analytical values of the current work were found as 31.1 ± 1.6 mg/kg (95%) for Mn, 159.6 ± 3.8 mg/kg (0.93%) for Fe, 1.09 ± 0.11 mg/kg (92%) for Pb, 0.77 ± 0.13 mg/kg (94%) for Cd, 125 ± 9.0 mg/kg (0.91%) for Zn, 65.5 ± 4.3 mg/kg (107%) for Hg and 3.71 ± 0.25 mg/kg (92%) for Cu.
All samples were analyzed in triplicate and the results were expressed as mg kg -1 wet weight.
Bw is the body weight of an adult (kg). The estimated weekly intakes (EWI) were calculated from EDI.
Results and Discussion
The concentrations (mg metal kg -1 wet wt.) of the elements ranged from 18-35 for Fe, 8-27 for Zn, 2.8-4.5 for Mn, 0.5-1.8 for Cu, 0.06-0.31 for Pb, 0.04-0.10 for Cd and 0.03-0.07 for Hg ( Figure 3 ). Sinop is small city and contaminants load less than those in both Samsun and Trabzon. Relying on metal levels, Samsun demonstrated the greater levels of Fe, Cu, Cd and Hg whereas Zn and Pb levels were higher in Trabzon and Mn was maximum value in Igneada.
Present study provides the information on the accumulation of elements in the edible parts of mussels from the Turkish Black Sea coasts. In general, the measured heavy metals showed a low tendency to accumulate in the tissues. However, in this study, concentrations of the heavy metals in edible parts of mussels were compared Turkish Food Codex 12, 13 , the Commission Regulation 11,15 and MAFF 16 standard values (see Table 1 ). The heavy metal levels in edible part of the mollusks are below the proposed limit values for human consumption.
Considering tolerable limits, outcomes in all studied areas indicate that those who consume mussels in the Black Seaseem to have no health problems. Besides, the Provisional Tolerable Weekly Intake (PTWI) amount is evaluate of the level of a metal that may be taken by people duringtime of life out perceptible risk. PTWI is set up by the Joint Food and Agricultural Organization (FAO) for the United Nations / World Health Organization (WHO) Expert Committee on Food Additives (JECFA).
The mean daily mussels' consumption in Turkey is 1 g per person 17 . However, this amount is higher in the Black Sea coastal cities of Turkey. Therefore both minimum and maximum values of Estimated Weekly Intakes (EWI) and Estimated Daily Intakes (EDI) for a 70 kg adult person on basis of the current workoutcomes are calculated and presented in Table 2 .
It can be considered from Table 3 that the calculated EWIs and EDIs of heavy metals in the current work are quite down the advised PTWIs and PTDIs and 
Assessments total Hazard index (thi) of Heavy Metals in Mussels
Hazard from metals entering owing to ingestion may be defined using a THI as the rate of the estimated daily intake (EDI) mg/kg of body wt. and the reference dose (RfD mg/ kg.). The THI was computed by using the equation below:
If THI > 1.0, so the EDI of a certain element overruns the RfD, pointing out that there is a possible hazard associated with that element. The EDI depends on both the metal amount and the quantity of consumption of seafood.The EDI of elements was calculated using the equation below:
Where: C metal is the metal levels in mussels; W mussel represents the daily mean consumption of mussels; remarked no opposed influence to the people. Hence it could be finalized that there is no danger in consumption of M. galloprovincialis picked up from the Black Sea shores of Turkey. Heavy metals are one of the most significant contaminant of the aquatic environmental. Heavy metals are higher in areas close to the shore, especially in industrial areas and where large cities are located. Monitoring of the marine coasts has resulting due to the need to keep safe living organisms and human health through food web. Pollution monitoring studies are utility road for judging the actual situation of coastal environments, for determining tendency in contaminants especially heavy metals over space and time, and for assigning potential sources of contamination to protect coming problems. More than 40 years, Mytilus spp. have been successfully studiedas biomonitors of heavy metal contamination in marine coasts 4, 18 , since these bivalves meet most of the required criteria for biomonitor species 19, 20, 21, 22 .
In relation to other coasts of countries in the Black Sea, heavy metal levels in M. galloprovincialis in this current study were compared with other studies (Table 4) .Big disparities in heavy metal levels in mussels were seen among different regions.In . In general, the average heavy metal amounts in the Black Sea mussels are below the acceptable values, but in some studies the maximum values are well above this value.
In Turkish coasts of the Black Sea, the highest values of Fe in Rize, Zn and Pb in Trabzon, As and Ni in Giresun and Cu in Artvin were found. The order of the metal values obtained in all studies conducted on the Turkish coast of the Black Sea are listed as Fe> Zn> Cu> Mn> Pb> Ni> As> Cr> Cd> Hg. The highest values of Zn, Cu and Pb in in mussels from the Turkish Black Sea were determined by Baltas et al., 64 found on the shores of Giresun, Trabzon, Artvin and Rize. The values are higher than Turkish Food Codex, the Commission Regulation and MAFF. As regards these exceed the permissible limits; yet, these organisms should not be used as food.
According to the Environment Foundation of Turkey 14 environmental profile of Turkey was indicated the two main causes of metal contamination in the Black Sea are industrialization and urbanization. There has been increased population density in the coastal cities giving rise to more pollution. The rapid urbanization that has been taking place in coastal area is one of the most significant causes of the Black Sea pollution. Among the developments affecting coastal pollution in the cities, many other factors play major roles. Some of these include domestic wastes, incorrect urbanization, fishing activities, an increase in the number of tourists and inadequate disposal of wastes. Highway traffic in particular is known to cause coastal damage. Areas significantly affected by industrial pollution in the Turkish Black Sea coasts are the Istanbul, Izmit, Adapazarı, Samsun, Murgul, Karadeniz Ereglisi, Karabük and Bartin. Pollution in the Black Sea region is caused by the fertilizer, iron and steel, paper and cellulose, and cement industries. The fertilizer industry is located in Samsun, the iron and steel industry at Eregli and Karabük, the paper and cellulose industry at Çaycuma and the cement industry in Bartın, Trabzon and Ünye. The mining operations at Murgul and Zonguldak are also responsible for pollution as is urbanization, which has contributed to pollutants in Trabzon especially. Industrial pollution dominates the household heating in Samsun, particularly due to nitrogen based fertilizers and copper factories, 15 km east of the city. The major sources of pollution of the Sakarya River are Seydi Creek, Ankara Creek, Çark Stream, which takes up the used waters of Adapazarı and also carries the runoff of Lake Sapanca to the Sakarya and the industrial enterprises in the Adapazarı area. These creeks and streams take up the wastewater of many cities and join the Sakarya River
14
.
The highest Zn value was 1742.56 μg/g dry wt.
64 , followed by 630 μg /g dry wt. 56 , in the coast of Trabzon in the Turkish Black Sea. However the highest Cu was 654.13 μg /g in Artvin μg /g dry wt. 64 followed by 260 μg /g in Trabzon μg/g dry wt. 56 . The highest Pb value was 179.15 μg/g dry wt. (approximately 24.88 μg/g wet wt.) 64 , followed by 3.16±0.08 24.88 μg/g wet wt. 59 in the coast of Trabzon.
Comparisons of heavy metal studies on the coasts of the Black Sea are given in in the risk assessment (see Table 4 ). For this aim if heavy metal levels in M. galloprovincialis are given as dry wt., they were transformed to wet wt. dividing by 7.2 as factor and all outcomes are given on a wet weight basis as μg/g wet wt. 67 .
Health risk from metals intake via diet may be estimated using a Risk Quotient (RQ) as the ratio of the calculated metal dose and the reference dose (see Table 5 ).
Rf. D values were developed by US EPA and Agency for Toxic Substances and Disease Registry (ATSDR) for seafood consumption as estimates of daily exposures to a contaminant that are probably without a noticeable risk of injurious effects to the general population during a lifespan of exposure.
It is concluded that estimated RQ of Cd, Pb, Hg, Fe, Zn, Mn and Cu in the M. galloprovincialis do not hazard any apparent threat to human, where the total hazard index (THI) = 0.521 were below the value of 1.
conclusions
The mean concentrations of total heavy metals in mussels from Sinop coasts were lower than those in other cities in the Turkish Black Sea coasts. Samsun shows the higher concentrations of Fe, Cu, Cd and Hg whereas Zn and Pb levels were higher in Trabzon and Mn was maximum value in Igneada. However these amounts were quite down the limit founded by EU legislation for non-essential heavy metals Hg, Cd and Pb. Thus, the mussels' consumption in the Black Sea countries diet doesn't pose a risk for population in terms of these studied heavy metals. Considering public health in adult persons with respect to the investigated heavy metals, the estimated daily intakes (EDIs) did not exceed the tolerable intakes. There was no health risk since the target hazard quotients (THQs) were far below critical value 1.Therefore, consuming M. galloprovincialis does not involve any danger to the public health in terms of studied heavy metals.
O ve r a l l c o n c l u s i o n i s t h a t t h e m u s s e l s M. galloprovincialis are appropriate bio-monitors to state change in metal contamination in whole the Black Sea coasts.
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